The method for the in vivo DRMB assay was modified from the protocol described by Maksimenko et al. [1] . The U2OS/SCR cells and U2OS/APE1-KD cells were seeded in 4-well chamber slides (20,000 cells/ well) and cultured overnight (37˚C). Before transfection, the culture medium was replaced with 1 ml fresh growth medium. Two hundred picomoles of each DRMB (DRMB-Con2 or DRMB-THF2) and 2 μl of TransIT-X2 (Cat# MIR6003 Mirus Bio™) were diluted separately in 50 μl of transfection solution (100mM NaCl, 10mM Hepes, pH 7.5) and then were mixed together. After 15 min incubation at room temperature, TransIT-X2-DRMB complexes were added drop-by-drop to the cells. From 30 minutes to 2 hrs, the slides were analyzed by confocal fluorescence microscopy (Nikon Ti-E with A1rsi) for live-cell image analysis in the USA MCI Cellular and Biomolecular Imaging Facility. Images are representative of three independent experiments at the 0 hr and 2 hr timepoint. 
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SUPPLEMENTARY MATERIALS
In vivo DNA Repair Molecular Beacon (DRMB) assay in living cells
The method for the in vivo DRMB assay was modified from the protocol described by Maksimenko et al. [1] . The U2OS/SCR cells and U2OS/APE1-KD cells were seeded in 4-well chamber slides (20,000 cells/ well) and cultured overnight (37˚C). Before transfection, the culture medium was replaced with 1 ml fresh growth medium. Two hundred picomoles of each DRMB (DRMB-Con2 or DRMB-THF2) and 2 μl of TransIT-X2 (Cat# MIR6003 Mirus Bio™) were diluted separately in 50 μl of transfection solution (100mM NaCl, 10mM Hepes, pH 7.5) and then were mixed together. After 15 min incubation at room temperature, TransIT-X2-DRMB complexes were added drop-by-drop to the cells. From 30 minutes to 2 hrs, the slides were analyzed by confocal fluorescence microscopy (Nikon Ti-E with A1rsi) for live-cell image analysis in the USA MCI Cellular and Biomolecular Imaging Facility. Images are representative of three independent experiments at the 0 hr and 2 hr timepoint.
are purified from transformed E. Coli or cell lysates are prepared from cultured cells using an ultrasonic homogenizer. (B) Substrate preparation for DRMB assay: DRMB oligos (40μM) are diluted with beacon reaction buffer to the working concentration (200nM) and then annealed overnight. Each DRMB oligo is initially validated for fluorescence using a melt curve experiment. (C) Performing a DRMB assay: Using a qRT-PCR instrument, each sample and DRMB are mixed in the well of a 96-well plate and the fluorescence intensity of each well is recorded every 20 seconds for the length of the assay (60-120 minutes). Using Flow Cytometry, DRMB substrates are captured by streptavidin microsphere beads and mixed with each sample in a 5 ml round bottom tube. The tubes are kept at either room temperature or 37°C for a period of time for the excision of the DRMB. Then, the DRMB conjugated beads are washed and the fluorescence intensities of the beads are analyzed using a Flow Cytometer. ). Standard errors (SE) and 95% confidence intervals (CI) are listed for each tested beacon. Best fits were tested and linear fits were applied when exponential fits were ambiguous or inferior. Linear fit derived values are in italics.
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